Sulfated polysaccharides have shown promising effects on wound healing processes along with many other biological activities. The sulfated polysaccharides extracted from two algae species habitats in Persian Gulf were studied in vivo for their effects on collagen formation and epidermal regeneration. The polysaccharides were purified from aqueous extracts of P. tetrastromatica and P. boergesenii using CaCl2 and ethanol precipitation.
Dermal wounds repair is a complicated process which require quick reconstruction of the skin structures (4) (5) . As the most important constituent of mammalian dermis, efficient collagen formation is a key factor to dermal wound repair.
In the northern coastal area of Persian Gulf, especially Qeshm Island, there are many brown algae species from different genera like Padina, Cystoseira, Sargassum which contain potentially bioactive substances and have not yet been studied enough. In the current study we aimed to extract the sulfated polysaccharides (fucoidans) from two species of genus Padina habitat to this region and to evaluate their effects on epidermis and collagen formation in two wound types.
Materials and Methods

Algae samples
Fresh brown seaweeds containing P. tetrastromatica and P. boergesenii from Qeshm Island were collected manually from the intertidal zone at 
Determination of sulfate content
The sulfate contents of the two polysaccharide samples, as a marker of fucoidan, were determined by the method of Jackson and Mccandless (7) using agarose-BaCl 2 reagent (0.01% and 0.5%). The Na 2 SO 4 was used as calibration standard. 
Animals and experimental wounds
Measurment of epidermis thickness
On the days 7 and 14 post treatment, five rats of each group were sacrificed and autopsy skin samples were fixed in a 10% buffered formal- and incubated for 20 min in Ehrlich`s reagent at 60ºC. After acidic extraction by toluene, the optical density of the solution was read at 543 nm using a Beckman DU-600 spectrophotometer (Beckmancoulter Co; USA). The hydroxyproline content of each sample was calculated using a standard curve which is linear in the range of 1-200 µg/ml (Fig. 1) . 
Statistical Analysis
The results were expressed as mean±standard error (S.E.). All statistical analyses were performed using the SPSS software package, version 18 (SPSS Inc, Chicago). Student's paired or independent ttest was used to test significance of difference between means. P < 0.05 was considered as significant difference between means.
Results
Polysaccharides sulfate content
The sulfated polysaccharides extraction yield for P. tetrastromatica and P. boergesenii were 1±0.5% and 4.5±0.5% and their sulfate contents were 19±1% and 32.6±1% respectively.
Epidermal thickness
The epidermal thickness at different time points after inducing burn or excision wounds are presented in Tables 1 and 2 respectively (Fig. 2) .
Table 1. Comparison of epidermis thickness (µm) (mean±SE) in burn wound
Group Day 7 14
P. tetrastromatica 46±18 59±18
Control
28±11 30±5
P. boergesenii 32±9 56±19
Control
19±10 31±10
Table 2. Comparison of epidermis thickness (µm) (mean±SE) in excisional wound
Group Day 7 14
P. tetrastromatica 19±1* 14±4
Control
8±2 11±6
P. boergesenii 24±7* 17±4
Control
12±4 10±2
Hydroxyproline content
The collagen formation (measured as the hydroxyproline content of wound) was significantly higher than control in P. boergesenii treated burn wounds at day 14 (Table 3) . While the sulfated polysaccharides extracted from both P. boergesenii and P. tetrastromatica were significantly efficient at day 7 in excisional wounds (P < 0.01) ( Table 4) .
Discussion
Both purified polysaccharides from P.
tetrastromatica and P. boergesenii are able to improve collagen formation (hydroxyproline content) and significantly increase epidermal thickness in rat excisional wound model. The sulfated polysaccharides of P. boergesenii showed higher activity compared to P. tetrastromatica in burn (Table 3) and excisional wound models (Tables 2 and 4) ** Significant difference (P < 0.01) compared to the vehicle treated wound on the same animal. ** Significant difference (P < 0.01) compared to the vehicle treated wound on the same animal. The healing effect is obvious from day 7 th after excision.
In the current study, the fucoidan sulfated polysaccharides purified from two brown algae (P.
tetrastromatica and P. boergesenii) habitat in Persian Gulf, were evaluated for their wound healing properties for the first time.
Since the polysaccharides method of extraction/purification was specific to fucoidans, it could be assumed that the sulfated polysaccharides purified by this procedure mostly belong to fucoidans. The sulfate content of P. boergesenii extracted polysaccharides (32.6±1%) was quite higher than P. tetrastromatica (19±1%). The higher sulfate content might be attributed to the better wound healing properties (13, 16) . Eventually the better healing effects of P. boergesenii on cellular and molecular changes in burn or excision wounds could be observed even by gross daily examination of the wounds (Fig. 3, 4) . As a conclusion, the sulfated polysaccharides from P. tetrastromatica and P. boergesenii, two brown algae species habitat in northern coasts area of Persian Gulf, have significant wound healing effects in rat's burn and excisional wound models.
The polysaccharides purified from P. boergesenii have higher sulfate content and seem to be more potent than P. tetrastromatica especially in excisional wound model.
